INTRODUCTION
In the past several years, the nation's air traffic control (ATC) system has become increasingly congested, delays have become common, and controller workload has increased. NASA Ames and other research laboratories are investigating methods for increasing the efficiency of terminal-area traffic management and decreasing controller workload. The current work focuses on the potential for using time-based trafficmanagement techniques. The success of this approach is dependent on its ability to handle aircraft regardless of the level of sophistication of the on-board equipment. Some new commercial aircraft are equipped with fightpath-management systems that are capable of generating and flying fourdimensional (4D) trajectories. Although these on-board systems will be an essential component of a time-based traffic management system, there will be a long transition period in which both equipped and unequipped aircraft will be flying. During this transition period, the success of time-based traffic management will be determined by how well controllers can control the arrival times of unequipped aircraft.
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The descent advisor (DA) is an automation tool that assists air traffic controllers in meeting arrival-time and spacing requirements for inbound traffic. The DA algorithm resides in a microprocessor-based workstation that interfaces with and receives aircraft surveillance data from the National Airspace Host Computer. As an unequipped aircraft approaches the descent area, the algorithm predicts the arrival time, taking into account the aircraft's performance capability, current wind and weather conditions, and the airline's standard operating procedure. The predicted arrival time is presented to the controllers, along with predictions for all other aircraft in their sector, by several graphical techniques. The controller chooses an optimum arrival time for an aircraft by adjusting the aircraft's descent-speed profile, using a mouse-based, menu-driven interface with the DA algorithm. When the controller accepts a descent-speed profile that will allow the aircraft to arrive at the desired time, the controller issues the speed profile advisory to the aircraft in the form of a clearance. A detailed description of the graphical controller interface for the DA algorithm is given in reference (1).
For the work described in this paper, a piloted simulator was used in conjunction with an ATC simulation to evaluate the performance of the ground-based, 4D, DA algorithm for controlling the arrival time of conventional (unequipped) aircraft. Arrival time is controlled to a position about 30 n.mi. from the airport, referred to as the metering fix or feeder fix. This is an intermediate point between cruise and touchdown where commercial jet traffic undergoes a transition from enroute descent to terminal area operation. The desired arrivaltime accuracy for unequipped aircraft at the feeder fix is +_0 sec.
An earlier study evaluated the DA performance for a single aircraft executing straight-in descents (2). Although the DA was shown to have considerable promise, pilots felt it was necessary to conduct an evaluation in an operational ATC environment with other traffic. In the current study, the piloted simulation was conducted in conjunction with a controller evaluation of the DA tool (3), to determine the precision with which airline pilots could fly curved-path, advisor-assisted descents in a realistic ATC environment. Additional evaluations included the effects of different wind conditions on pilot performance, and procedures for advisor-assisted route intercepts during descents. This paper first briefly reviews the 4D, DA algorithm and then describes the results of the piloted simulation studies.
ALGORITHM DESCRIFFION
In broad outline, the DA algorithm synthesizes a 4D trajectory in the following way. First, the DA predicts the arrival time of an aircraft following a defined arrival route, based on the aircraft's standard operating procedures. Next, the DA computes a range of arrival times based on the aircraft's speed envelope. If the desired time, i.e., the time designated by ATC, is out of this range, a combination of speed change and path stretching is used to synthesize a 4D trajectory. 
DA Trajectory Model
For each descent speed profile selected in the iteration process, the corresponding descent trajectory is computed by integrating a set of point mass equations of motion along the route of arrival. The equations are derived with respect to an Earthfixed reference frame using a rectangular coordinate system based upon a fiat-Earth approximation.
The trajectory is projected onto two planes--the horizontal, which defines the horizontal path, and the vertical, which defines the altitude profile along the path. 
where u and w are defined as the components of inertial velocity in the direction of s and h, respectively, Vt is the true airspeed, Yo is the aerodynamic flightpath angle, and Uw, is the effective windspeed in the flightpath direction. The effective windspeed is def'med as the difference between the groundspeed and the true airspeed.
Assuming that the wind is known as a function ors and h, equations (1) and (2) may be integrated once expressions for Vt and _'a are known. The relationships for Vt and Ya in terms of thrust, drag, weight, and Mach number or CAS are described in reference (2). The determination of thrust, drag, weight, and winds aloft will be discussed in a later section on algorithm implementation. 
In its current implementation

Horizontal Path
The horizontal path is modeled as a series of straight-line segments connected by circular arcs, as illustrated in Figure 2 . The line segments arc defined by waypoints (e.g., WP1 and WP2), and the turns arc defined by turn points (e.g., TP1 and TP2). The final waypoint used in generating a 4D trajectory is the feeder fix. The radius of curvature, R, for each arc is determined as a function of the predicted average groundspeed throughout the turn. It is assumed that the turn is performed at an average altitude and true airspeed, which are approximated by the altitude and true airspeed of the aircraft when it is abeam of the turn intersection (e.g., WP2). The average true airspeed and effective windspeed are combined to predict the groundspeed throughout the turn.
Once the turn radius fixes the horizontal path for a particular set of conditions (e.g., speed profile and winds), the altitude profile is found by integrating equations (1) and (2) along the path. The approximations used above greatly simplify the coupled relationship between the horizontal path and the altitude profile, while still allowing the size of the turn to be determined as a function of airspeed, altitude, winds aloft, and course.
SIMULATION DESCRIPTION
A piloted simulation was conducted at the NASA Ames The air traffic controliers' objective in this evaluation was to meet a precise spacing requirement of 10 n.mi. intrail at a feeder fix. The DA was used to assist the controllers in formulating a strategy to achieve the spacing goal (see reference (3) for a more complete description).
In each 4-hr session, which typically consisted of five or six descents of 30-to 40-rain duration each, two pilots (a captain and a first officer) alternated flying the descents.
Before each simulation session the pilots were given a briefing about the DA which included the procedures for anticipating and flying turns precisely and for executing the profile descents that were to be issued by the controllers. They were also briefed on the wind and weather conditions. Three wind conditions were tested:
(1) calm (0 wind); (2) a direct tailwind of 70 knots at 35,000 ft, decreasing linearly to 0 knots at sea level; and (3) a direct headwind of 70 knots at 35,000 ft, decreasing linearly to 0 knot at sea level. For each simulation run, the aircraft was initialized on one of four primary arrival routes to Denver's northwest feeder fix, Drako, at altitudes of 29,000-35,000 ft and a cruise speed of Mach 0.8 (see Figure 3) . After the simulator was released into the ATC simulation, the pilots were asked to contact Denver Center, just as they normally would, and to maintain standard navigation and ATC procedures for a descent into Denver's Stapleton Airport. The only change to current procedures for a descent to the Drako feeder fix was that the crossing restriction at Drako was changed from "cross Drako between 17,000 ft and Flight Level 230 at 250 knots" to "cross Drako at 17,500 ft and descent speed." As the aircraft approached the Drako feeder fix, the air traffic controller issued the pilot an advisory in the form of a top-of-descent point and descent speed.
In order to have a basis for comparison, some of the pilot crews were asked to plan and fly a profiledescent to Drako using the currentstandard operatingprocedure for theirairline. (KIAS) descent-speed profile. After this initial baseline descent, the pilots were asked to follow the advisories issued by the controllers in the simulated ATC environment. After each descent was completed, the aircraft was reinitialized on one of the four arrival routes to Drako and reinstated into the ATC simulation for another descent. At the conclusion of the 4-hr simulation session, each pilot was interviewed about the operational aspects of executing advisor-assisted prof'fle descents. The 13.4-sec-late bias in arrival dmc can bc traced to the manner in which turns arc modeled by the DA algorithm. The DA assumes that the pilot will inidate the turn before arriving at a turn waypoint that is at the intersection of two VHF omnidirectional radio range (VOR) radials (such as Estus) shown in Figure 9 . Although they were briefed to anticipate and fly the turns precisely, most pilots initiated the turn at the turn waypoint as shown in Figure 10 . This has the effect of making the path flown by the pilot longer than the path modeled by the DA, and thus the aircraft would be expected to arrive at the feeder fix slightly behind schedule. By taking the turn-generated rime errorout, the mean arrival dme for the calm-wind case is reduced from 13 sec lateto4.6 scc late,and the standard deviation isreduced from 16.5 scc to 12.4 sec.These resultsmore closelyreflect those obtained in an earlierstudy of straight-in descents in which the mean arrival-time errorwas 6.I sec late and the standard deviationwas 13 sec (2).These data suggest thatthe DA predictivecapabilitycan potentially bc raised so thatdescentswith turnscan bc predictedas well as the straightindescents can be, eitherby modeling turns as pilotscurrcndy flythcrnor by having controllers issueturnadvisoriesto match the turn prediction used in the current version of the DA algorithm. 
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